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[^1 /HSMAI £m=? ^fifgi SSOIEU 103^ 2304S 

[^3] KR 
[£JAhg^] 

mm® XM2221 ^3011 21 it ssi, xii 60221 7? soil °j 
m mm&M s s^&uo. cheiqj 
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mxt: 2003/11/11 



02 o & 

22 S- 813,000 S 

883,000 m 

1. fi^AH- SA||AH(£S)_1S 
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1020030013120 #^ 13*}: 2003/11/11 

^ 3<H-£ 27flsl nfl^ ^ ^ yj-y^ ^o]^_ 2 7$9) *HM=-£ ^SRr #7)1; 

i^Tr ^ l^r^G-S- ojofl trj-s^ 7fl sj| X| e^ » 3*R13 ^*V<^ ^sflcq 

£ 3 
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1020030013120 ^^ ^^f: 2003/11/11 

7fl3iJ)AlBll- £^ "flS-B] ^ zl *ll 2i*&*£ {FERROELECTRIC MEMORY 

DEVICE EQUIPPED WITH SEMI -CYLINDRICAL CAPACITOR AND METHOD FOR THEREOF} 

£ 4 £ 17^ -g^l^H trf^ wV^^r:-!^ ^M^-I- Tj-o-^l pfl 

£ 19 £ 32^ ttV^o} AjA]^2ofl Ofa ^H^E-^ 7fl3flAlE]l- ^ Tj-fj-^l ufl 

2-S) 4^*$^r £Al*V cJ-Tg£o]cf . 

100; 102; ^j-^-E]^- 

104; t)Mh 106; time ^ 
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1020030013120 #^ ^*}: 2003/11/11 

108; ^>-E.n>^a. no; TtHH ^H-H 

112a; 112b; 

114; B^^l^Ei 115a, 115b; ^sflJE. 

116; ^l^^-^'S^- 118; afli^-S- 

119; rfo]E3iE 120; wlHH}-"?] 

122; ^12#^>^^^- 124; ^ll2€-^# 

126; xflil 128; ^V^-^ 

130; ^-zHI€ 132,132a; *H?-*1^- 

132b; *Hf ^ 134; #-R-*l*ti 1-^^ 

134a; #^t^ v 136; 

136a; ^Jf^ 138; ^JflAlEl 

A 0 V^*1 ^] 

<22> ^ ^-o], $r-fr#z\} (Ferroelectric Material)^ ^^^1 ^^HH ^ 

71 ^-(Applied Electric FieldH Q^Z. ^>^^ < ?1 ^(Spontaneous 
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1020030013120 #^ <gX|-: 2003/11/11 

Polarization) ^l^d^. iEtb, ^-R-^Itt *$-%<L3. £^r€ #3H*1 

^ 37lsf «J-^ofl ^ o];^ ^^-(Hysteresis)^- liL°l7ll sit}. ^Kg. £i=. 7 J- 

-fr^l* -fr^ilS. ol-g-SM 7l<y(Write)^>Jl ^-(Read)SRr ^S.5j #-B-*I 

tJll2.&| (FRAM;Ferroelectric Random Access Memory) £}^-cll, *1 c| eJ-S. 

^7}- Tfl^ 0.3L ^}o]^ wl *\ ^ s-^^. ^^t^-. o} £ ^ 7j-o.^^i pflas) ^7}^ 

^Stt^I "Integration of Ferroelectric Capacitor Technology with CMOS (Moazzami et al.), 
1994 Symposium on VLSI Technology Digest of Technical Papers (Tatsumi Sumi et al.), pp 
55-56"-Bf "1994 IEEE International Sol id-State Circuits Conference, p. 268" 7flX| 

CVD ^ ^SLsL #^^1 W°l ^€ ^3 ^21 7 r ^Cf. c^e}^ q-S. tiV^^l 

*11-E.el ^*1 JL^HSr ^r&r € ^f 6 >^i, 7flsfl 

*£J2.7} ^cf. 

7fl2fl^El tfl«fl>q^. RAM RESEARCH^]- ^1 ^f^-i^ ^6,268,260Jl<=Hl 7lM 

€ 5U^.°!, 7fl2)lAlE-l ^2: oil ^-3flA^ IBM^ ^-f^s.*] ^16,238,963^^] 7fl 

41^ At)-, ole^ ^2-^ 7]^ 7)1 llfl AlE^ 71^51 ^^^P-S# 7}^ 7fl2flAlE^7> <$ 
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1020030013120 #^ 2003/11/11 

-2. 9X$r iM^El ^31 ^13* J±#*}:n. wvnv^. g ^>^^ #^ «v 

<26> £. 1* t2t}^ , ^Sfl 7l#^] 7 0 >0-^^ u)l2.e) ^^51^(2) AHOJ 

7l^r(l)^Hl TflojH B«a*l^(3)7> ^^s)cH H 31*1^ (3)^ 

(5a)2f ^7l^o.5. S-f-^Tr «lH*q-Sl(13)°l ^1^^>^^^-(9)^1 Stl^, H^^l^Ei 

(3)^ JE.efl<y(5b)4 ^7l^o.S. €-f-^ 7fl2fl^]Bi(25)7> ^12#^-^^^(15)^H1 ^ 

<27> ?fl3 |]AlEi(25)^ ^^ffh^ ^^^-(19)^ #Jf^(23) *}°}°\] ^^nv (2 i)ol ^-og 

SU^ ^# HSlJl, «lH5]-<y(13)£- ^j(ll;Direct Contact )* 

^*fl i£.i(5a)fif #7l3-°3. S-f-^H, 7flsfl^e : l(25)^ ^^^-(19)-^- ufl-I- ^(17;Buried 
Contact)* #*fl Hefl<y(5b)^ &7mSL3. , ^H^H (ll;Direct Contact) 

^ll#^sfl = (7a)# 4i^.i(5a)^ ^7l^^ -£^H , It ^(17)£ *)]2€-^.B 

(7b)# -g-*fl =^l^l(5b)^- ^7l^o.S JE^tf. 

<28> ^ 7 )A^ 7fl3llAlEi(25)# ^lS^>7l ^*fl^ ?1 #^Hf #^ ^^^0^ *Hf ^ 

(19)* ^<sKr ^1^, ^^^"(19)^- ^12#^>^^^(15)^H1 ^-fi-^l^l 
^"(21)* *§^*Rr ^*]-sL ^l^^cf. ZLE^, ^o.^nV(21) ^^A] ^-f^l^ Al*^ 

*r ^^H 4^ ^-fj-^S-^cq ^7} ^}^JL ^^^"(19) ^ ^t%3_ 7fl2flAlEi 
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1020030013120 %;^ <U*}: 2003/11/11 

(25')1- ^3#^^^-(18')^Hl ^Ht^ ^SS ^^*1 SH^-. £ 1^ 

*}Mm ^^7]S. *V4. #7]!% Qo] 7^*]B] (25' )» -M^^IS 3 

<32> £ lofl 5LA)^ V}Q\. go], 7flsflAlEK25)^ sHf^(19)^ $\tft& 1- 

^711 #^Kr 4^4 ¥^7fl SH^^ilS ^E^M ^ 

&*fl$°l 5U&l=f. St!-, ^Tfl ^#^ff" #^ 2flE^*>7)7> -§-°l*Ml S^TT 

<33> ZL^Jl, 5. 2°\] W><2}- ^o], 7fl3|]AlEK25 , )l- ^t^Rr 3] 

€^"(19')* ^^*>7l #ofl ^l3^^-^^^-(18')^ ^T^H ^ *(20')^- ^*H°> 

3M=h °H, *(20')£] (aspect ratio)7|- £1^ ^^^-(19') -§-^£] 7^3*1 

(step coverage) ^°\) ^-e} ^e|t:^^ ^aIe^' ) o^-g- ^ ^l^o] oi 

cf. ffitr, §^ *(20')i^Hl 7^^] (25' )« ^*}7l ^*flA^ ^^(19')^ # 

-R-^i^-(21')2f ^^(23')^ ^-^-5l-7> iL^5]^r ^-^l^o] oirf. 
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1020030013120 #^ ^7}: 2003/11/11 

<34> ojofl, £. « a V^^ ^V 7 )^- ^Efl 7l#^ ^1^* Sfl^SM <£#^ ^^-S, 

2}ol ^^^0.5. S^^^: ^7H^4 -^Ajofl wVn]-^ ^4 Aiz]- v}^\ 

<35> ^y) SLXi^r ^15}7) ^ *V ^Ajafllofl ^H^C^ 7fl 3|] ^ E^ -f- 

331 t-flS.^ 4l7>^, ufl^ -SbMo] ^5}^ ol^ #^>^^HV; >y-7l ##^SHH ^ 

7l|^€ 27^ nfl^ ^ 2^-44 #71 ^Hlt! ifl^^ SU^ 

<36> ^7) ^7] nfl^ ^Bfl #*Rr ^ SH*^ , ^ 

<37> # 7 | ^^>7l ^Al^lofl CCf^ ^flD)*§ 7lWEi» 

^SLEl ±7}9] nfl^ SbHo) ^£ ^V^n^l-ofl A>5(-^ ^Tfl ; 

*H-51 27fl^ nfl^ A o VTg^- 71]^^^ o.^!^ tg^SKr ^741; ^-71 ^3X})EH ^ofl 

7fl«j-5j ufl^ SE« ^ Zjzj-jz). ^S. 27^ 
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1020030013120 #^ ^7>: 2003/11/11 

#31; £ #7l 27flfil #^ ^^H ^-fi-^^M- #^€^-8: «§^*Rr 

#7|}« i^V^ 3# tvcf. 

#7l -g-^4€* ^#*Rr i&Tflfe, #7] f^HJ<£^ #^ # 7 ] a^s. 27fl^ pfl 

U ^ #^<>1 #7l *«7l*fe 3^ ^ *Vcf. 

^cq-o. ig^^- # 7 ] ^Ufl^ lfl^<Hl^ ^H 3 -^ ^-^O] #71 ^Vs}-*| 

#^°fl <§^€ *H?-*1^ alM^r cfTll; £ #7l 27fl2l nfl ^ ^bh z}-zHl ^ 

#*>£^- #71 ifl^oll ^H^Al 71^ #31* C] S^Rr ^ 

Stb, £ ^^^1<H1 4"Er 7fl3lflAlE-l# £fe #-R-*I*fl HflH-Bj 

^1^^:, 7l^-# *H^*Kr ^-7^1; #71 7l^;#ofl B 31*1^-1- ^#*>fe #7jl ; #7l 

H^^iEi7> 7l^#ofl ^l^^^M; ^^S>^ #7}1; # 7 ] *Hl^M<£^>g: 

°i #71 71^4 xj 7 |2jO S JE**}^ ^l^B. ^-§" ^§Hr ^711; #71 afllf^^BHHI 

#71 tfolejje SgjsJ. ;£ 7 ];*j 0.J5L 5^*}^r «lHeKl^- ^#*Hr ^Tfl; #71 ^l^^^ 
^^#°fl ^2#^>^<a^ ^*Kr ^1; * #71 ^l2^^<S^-2f ^l#?V^<an|-i- ^--f-sH 

#71 71^-aZf ^71^ £*T5Rr nfl^ ^-IH o. ^ S^>^ ^ *V 

£ ^AHUofl rcf^ 7fl3HA]Eil- ^ ^-fr^l v\]S.^ ^>2l *flS«o V 

^ °fl^ SHflol f^'S^KMl #5)-^ ^#<5>^ ^7)1; ^Hsi 2711 

27]\9] Dfl^ #Tg ^^*>^ *H?-*1^ #^r^Mr ^#*Kr #31; #71 sH^q- 
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1020030013120 #^ 2003/11/11 

vfl#^ ^-71 #3^ ^o\] 73.*-^} #Jf^ 

£*}5L ^*Rr #31; £ #7l ^4^4 # 0.^^)1 #^^-4 spf^ sflE-i 

#3l# i^V^r ^J-ir ^JlS *>4. 
<42> ^71 -g-ZMH* ^#*Kr #31^, ^71 ##^<2^ ## ^^-Sf ^7] *H51 27flS] nfl 

^ ##°i #7i ^ at\*\s= ^ ^^slsl *>cf. 

<43> 4I-7I <5Pf*d^ ^#^-g- ^*H=r #31 fe, ^-7) #3}-^ #7l -§-Z}-3flBi vfl^ofl ^ 

^nV.g. #3); ^ # 7 | -g-^SflBi vfl^ofln]- ^o|o] # ^ £ S. aV 7 | Aj^rO- Aj-igofl 

<44> ^ ig}-^o] ^Al^lofl ^^Cl^ 7fl3flA)Ei!- ^£5] 4l7>o) ^yj- 

^ Cf^ ti>£^ *fl^Hr cfTjl; #7l 71 H^^liEl* ^#*Kr # 

31; #7i B€^^7> 3^ 7i^Hl 31 1^?!^^ ^*Rr #31; #7i ^l^^l:^^^- 

* ^-f-^H #71 71^ ^7l^jO S SL^s}^ cfol^H ^<sRir #31; ^>7l *fll## 

*J<£°ttHl #7l cfolHjjE ^4 ^7l^o.S SL*^ wlHHl-^^: ^#*Rr #31; #7l ^1^ 
7}^^ ^i#^Hi ^]2^7i^^^ ^*Kr #31; 31 #71 ^12#?>^^^-^ ^ll##^^^ 
#71 71^34 ^71 ^o.^ £^-*>fe *fl^ ^*Kr #31» Cl £^rRr 

<45> ^*}7) ^AHl 2 ofl ixf^ #^^cl^ ^jrflAlE-11- £Hr #-fr 

£*fl ^12.51 ^7>51 ^12^€-, ^ ^Ti^^H] ^S}-^ iH*Rr #31; 

^ol£ 27fl2l nfl^ ^3) ^ o^«.^ aJ-b^ 7 fl« 0 l-Al7l^ 2 # ^ #31; # 

71 2# xfligoll Aj- 7 1 7fl ^ ^ 271151 nfl ^ ^ ^ ^ 
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1020030013120 #^ <^7}: 2003/11/11 

^o]^ 27]]^ <^#^-fr #7jl; ^ #71 2 7l] *>Jf*l^- #£ z]-zH ^-fr^ 

<46> #71 2# -S-^3fl€^- $^*Rr #7^, #71 27fl2l nfl f] ##3lf. #7l f^£g^ 

##°1 7flwJ-5l£S- #71 #5]-^ <^j=L = aflT^fe #7}]; ^ #7l nfl «|J ^«- 7 > 7fl« < J-S] 

■£^T #71 711 ^ #^ ^SHr #7H« C-l i^Rr S^10 S ^tf. 

<47> #71 csH^^ ^*Rr #7)^, #7] #3^ #^3H- #7l 2# ^Hlll vfl^ofl *|.JjL 

^ -g-^r^M: ^*Rr ^1; #71 2# -g-Z^Hd ^#ofl# ^>«-^^- ^-^Ol ^=-5l5L^ # 
7l #^ofl SB^^- ^T^Rr #711; ^ #71 ^ol£ 2711^1 nfl ^ ^ 

^ ^ ^ ## Z}-ZH1 ^#3T>£^- #71 2# ^311^ L^ofl #^-5} ^Pf^ 
Bl^l7l^ #7111- Dl if-^ 1^0.5. ^rf. 

<48> £tb, a. igT$s} ^AHl 2 ofl af^ tiV^^cl^ ?fl3fl^lB^# #-f}-*l*ll *ll5Lel 

*HS#^£r, #51*11 71^ *fl^*Rr #711; #71 7l^#oll B^l^# t§^-5}^ #7^1; #71 

H^fi^l^E-l7> 7l^;#<Hl ^1^^^^# ^*Kr #711; #71 ^1##^^^ 

<3 #71 71^4 #7}2\0_S. t^O^E ^ES-g. ig^Kr #711; #71 ^1##^^^HH1 

#71 Cfolejje 7j7l^o S S-f-^m «lB5}<y^ ^*Rr #711; #7l *1] 1##H<£ <4 

^i##ofl ^)l2##^<g^ ^^Kr #711; ^ #71 ^f^S^^l- ^ll^#^^^ V * ^*>^ 
#71 71^-4 #71^ O.^ SL^*}^ nfl^ ^<5Kr #7111- Cl i^Rr ^ ^ 

<49> £ «Vt£o} ^AHl 2 o11 ttj-S. #^^Dl^ ^EflAlE^l- ^ 7j-<^^ ^2.^ -A^O} ^fl^ 

^ ^^1^, "H^ ^^^1 ^Ajs} ^M'S'^HHl #2}-^ ^ 
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1020030013120 #^ 2003/11/11 

*\t= ^"71 2^- ,g-Zj-flflfi i^ofl ^-7] 7 fl«j-^ ^o]5i 27flS] nfl^ ^eh ^ig ui ^ s.- 

^ 3#*Kr n^ti^r ^*Kr ^- 7 ] csHf^ ^^-oi 2 ^ ^sfl^ 

^4 ^"71 A>Sj.^- ^ofl -i-^nVs}. #J=L#^ ^VS. $^«Hr #7fl; £ 

# 7 j #^^4 S}-?-^ ^El^sH ^71 2 7fl^ 

^ 3#*Rr *>-¥-^^ 7j-^-^^4 <8^*Hr ^ f^'lS *VC}. 

^71 2# ^*Rr 3: 7^, ^-71 qo]5i 27flSl Dfl^ -SEfl ^ij. ^.7] ^ 

7fl«,>S]£^- ^"71 7fl« 0 >^ #71^^^ ^ ^^-» *fl7^Rr ^7^1 # 5L^Hr 3* ^ ^S. 

A J-7l ^^-g- *§^*Rr #7]]£r, ^4 ^"71 2^ -g-^H iflTg 

^#^M: ^ ^ ^ ^711; ^ ^"71 2# -g-^nm lfl^# ^s^S. ^.7] AV^nV 

A o Vl ^l ^€ ^7|^>^ ^-Tjll- D) if-*Kr ^ tVt}. 

St!", ^^1^12^1 nq-^- *K^r^ 7fl2flAlEil- ^ 7j-*-^ 4l7>^ 

^ #31: #71 B.^]^7} ^£ 7l^Hi afll^^HI^* *§^*Kr #7fl; #7l ^lf^ 

^ll^Tj:^^^ £^6\) ^12#?_V^^^ ^^*>^ ^7^1; ^ ^-7} ^12#^o1^-j4 

^-l- #7] 7l^r4 ^l^iS £-i-*Hr °fl^ ^^1- ^^S>^ ^7)11- D] if-^ 
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1020030013120 #^ 2003/11/11 

<53> wV^ofl 7 fl2flAlE-ll- 3^3 ^*}*} ^3 ^fl 3fl ^1 ^ ofl W) 

^ ^ S-^ #7H1 7^1^ -g-^ol ^Cfl^jl, *>^^^ t)l 7}- ^ ^Z^IU 

^ «>^S)- ^TflS)- AlZj-^o} ^^n>^lol ^-^4. 

<55> ^ o. ^ 7l ^ ^t^s)^ ^AHH 0>q^>J7 rf^- ^Efljg. ^*1l5HI ^ 5^. 

°fl7fl ^ ^3 *T &51^ ^>7l ^*ti ^o]rf. JS^ofl #0^, 

nV ^ <^«1;0] o. 7]t}y] 7A o]x^. S*V, <2H ^ ^ 7]# 

*}°H ^13^ 7 fl^fl^ ^ $X^. ;§*H ^^tb ^ 

<57> J£ 18^ ^Hl2<*ll ICj-S ^H^Dj^ 7fl3lflAlEi# ^ ^ £5 ) 

^r^iEolJl, £ 19 tfl^l £ 32^ ^^51 ^Al^] 2 oll ^K^dI^ ^flsflAlE^ ^ 
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1020030013120 ^^ 2003/11/11 

<58> (-^HID 

<59> ^tgo] ^Al^iofl 4^ ajr^^r:^ ^sM^-i- 7^^) u\}s.^] ^Hr, £ 3^1 

^X\Q ti >sf ^-ol ( H^^]^Bl(li4)7> ^£ #£31 7l^-(100)4, 7l^(100)4Hl # 
^>^<^n]-(116b;ol3r> ( ^l^M^)-*}-, 7l#(100)4 ^7)?1Sl£. 5^f-*}^f w] e^o] (120)4, 
^ €-^(126; buried contact)^ ^J<$£)<H SXt: ^^^^^-(1223;^*]- ^f^^S^)-^, *fl2 
fS^ D -[(122aW 5Utt ^S^(128a)4, 3^5. 27fl^ ufl ^ ^i«(126) 

3^(128a)°.3M*-Ei 7 flw 0 >Al^^ -§-^^(130)4, 7fl^ aJ^S. 27fl£] nfl^ -^(126) -tf^ 
z^s)- ^5f)^(i30) iflafl tH^l^^s. <§>8=)<H oi^ 2 7fl^ ^^^(132b) 

4, 27flS] <5pf ^(132b) ^^H £*rS oi^ ^^n].(i34 a )3l- 

^•(136a)* ^f-*H ^£4. 

<eo> ti> £ ^ 7l#(100)£r ^>^Bln]-( 1 o2)oil o} sfl ^^^(active area)°l fr^^H 

^^lb B^fl^l^Ei (114)71- 3*1^4. H^^]^Ei(114)^ TflojH ^^5|(104)4 tIMh ^ 
(106)4 ^^>i3(108)7> ^SS^i ZL c^^o^ TflolH ^5llol^(ll0)7> 

S*V, B^l^ClM)^ 7)^(100)011 cfl^V oj^og^. ^ 

i(112a)4 ^3l<?Kll2b)^- ^S}^ ^^4. tHS, B€^)^(114)^ HI 44 ^ 
4 ^H14 ^-^ ^ 1-^14. 

<6i> tilH5Ki(120)^ *ll 1^^4(116^* W^o} 4°1^H ^(119;direct 

contact)^- ^-Sfl 7l^r(100), ^^fl^o.^.^ 4i£.^(112a)4 &7)^°_S. £-f-t!-4. tb^, 44^ 
— ^(119)-^ 4i^(112a)^Hl ^4 €-^-E.(115a)# -f-Sfl i.$.^(112a)4 ^7l^o.S 
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1020030013120 %^ 2003/11/11 

<62> B fls. 3. €fl(i26; buried contact)^ ( 132b ):4 71^(100), ^1^.2.5. Hefl<y 

(112b)^- #7}*\SL£. S-f-A]?]^ ^#o.3.*| ^ll#^<^^-(116b)4 ^I2#^<a^(122a)^- ^ 

^cf. ^(126)£r ^efl^I(112b)^-ofl €-^3fl = (115b)l- J= 

Efl<?l(112b)4- $.7}*\°_S, lE-f-H- ^ SX^-. 
<63> *}-*f*l^(132b):Br #-8-31 *K 134a) 4 ^^^-(136a)^ « *1 3(138)1- 

^^i^-(132b)3f ^f#^r(136a)£r ol^f-^ ^o. ^^Mr ojifLo^ 

Slfi.^, 7 J-^-^i^-(134a)^- PZT (Lead Zirconium Titrate), SBT (Strontium Barium Tantalum), 
SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium Tantalium Titanate) 

<64> <^7H t *|~^^-(132b)£- ttsQ €( 130) vflofl^ ^jg. tfl^-g- ojs^ a$^s\o] oicf. 

^^i^-(132b)^ t^^SI ^Bfl^ T=f^-3zf ^-o] pfl^ 3.^(126)^ ^ozf ^€M5Rr ^ 
(132bi)4, ^#^&(132bi)il5.-*jM=l <£^5)o] -g-z|3flEi(l30) ^-fr o^fe ^Vs)-^(128a)^ 
^^^^(132b 2 )^S. ^, ^^^-(132b)^r *>*1 4^$^ 3*}5.<£ 

4 'L'*} ^-4^)^(130)^^^ tfl^l^- o]J^ n>^j7 ol^ ^K§- 

<65> zls]J7, z*z}-o} *>«-^^-(i32b) 4H] ^ ^^^-(1343)4 W 3 ^ ( 136a ) °1 *\%$\ 

<H ^-Zf3fl^i(130) vJH^ 2 7fls1 (138)7} tfl 4J.fr ois^s. tg^sSH 

ojcf. ^13-2-3.^ -g-42fl€(130) vflol) 2 7fl£l tiV^^c^ 7flsf|AlEi(138)7> ^ 
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«44(138)^r SH^e^* °}^B.3, ^3 ^Bflofl wl^H 3R-JE^*W 
^7}*U) €4- 7fl2fl^E^ -g-^^r ^X'S^Hl «l^sr>H.S. ^43-^3. 7fl sfl X| El -g-^o] 
#7H>7fl =14. 

SEtV, 7flslMEi(i38)-I- 4^^(1320)4 #-S-^4U34a)4 ^^^(136a)^r 3 

vflOfl &4- 444, ^. ^AHl^- ^3g*14 3. ^afl^i 4<Hl43 n] SflE^Al^ 



°14, £■ ^84 ^A]^ioH trfs. ^^d^ 7fl3flAlEil- £±r ^-fr^l ^S. ^44 
^2:^-1- £ 4 ifl^l £ 134- %2if>}^ ^*}-4. 

^4 ^ahiio]i 4= tiiAj^ci^ ^siWEi!- ^-o-^i^i t^issl ^l-si 

£. 4°11 5.44 44 ^o] > t£4 *)&]^(Si)4 ^ tiVE.^1 SldtS ^4 ^KE-31 7^ 
(100)# ^altb cf-g-, 3=31*1 ^4§-3 4(102)# <8^*H %^<^(Active 

Region)* ^^IW. 

^• 5 d4-§-, ^4^4(102)oll ^lefl ^44 71^(100)^1 *^^^^H1 4].EL4<y(Word 
Line)°-3-4 B€4^4(114)-i- ^tb4. ^4^1(114)^ 4°lH ^4(104)4 7\] o]3. 4 
^-(106)4 4^4^3.(108)4 TllolH ^4°14 (H0)4 ±.^.^(112a)4 S. efl°l(112b)*- 
a\ ^2l*V4. H^4^^(H4)^ ^ltb ^14°fl LDD (Lightly Doped Drain)4 2# Til 

°1B ^4°14^- 4^. ^j^^g. d ^ Htb 4=4^3.(108)1- ^4 
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*i sm ^ ^hi^ H^^iiEi(ii4)^ <#o]i& ^ ojcf. tna, b$*i^ 

El (114) 7 ]^ ( ioo)#o)l ^ 2fl = (115a)(115b)« ci *§-S^ ^ 

<7i> ol^xi, H 31*1^(114)7} 7l^r(l00)^H] ^^^^^-(116;ol^>, ^lf^^^) 

-t- ^1^^^^-(116)^ -f-^-^^I W7)^^(CVD) ^ °1-§-<sH <i>2l- 

^ ^ ^<3^ #;g-g- B^^l^El(114)7V S^S)^ ^ ^-TflsL 

<72> £ 5^1 ^-o], iii(H2a) ^sfl^(115a)7> 

^^>^^^-(116a)* ^ll^^#(118)l- *U-^*(118)# ^£^5. nfl^*} 

^ cfol^E ^-^(119; direct contact)* ^t^. 
<73> H^nf-g-, ^£^]o] ^4 3fl E ^ i§-o_3_ cfojejiE ^(119)4 7 <Mr^l 

4i7>^ c-flolE^ s]-^l 71^-g; ^ «lSS|- o J(120)l- ^lf^M<3^(116a) ^*Vt}. 
<74> T^l^H, alBeh^l(120)ol oi^ ^fll#?i^^^-(116a) ^<H] iE cf^. 

^-(122;ol^, ^^^M^)* ^W". ^]2#^<g^(122)^ ^1 l^^J^^^die) 

4t7Hs ^-^91 ^71^§^(CVD) -f-* °l-g-*M ^e]^ 

tilB5}<a(120)ol *}±r ^^tb^. 

^l(112b)^Hl ^^5fl^(115b)7> ^11 2#^:^<S^( 122)^ ^]l^^-^^^-(116a) 

^b»3 o.s. ^lTltbcf. ^-1^, ^^^^5. ZL ^7}- ^7^ ^2f^^^^BV(122a)2f *fll# 
^•^<g^(H6b)* #**m ^Il2€-^*(124)c»l ^^^cf. ZL^cf^-, t2]^5]^m 
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^ *fl2^*(124)# "fl^SH =e^(112b)^H] ^4 

= (115b)« **fl 71^(100), o.S :=Bfl°J(112b)4 #7l3©.S £-f-3Rr ^ ^ 

(126;buried contact)^ H'S^h 

<76> =Lt\.^, 5L 7«*fl ti>^ ^o], ufl ^ s.^( 12 6)o) ^2#^^^(122a)^l 

^^■(128)# *§^W. «flM<H, -f^^ ^7l^^ (CVD) ^.o_ s ©l^JHiel^- 
^ *^(128)^r 

<77> t}-g-©.3., JE 8^1 £©1, ^I2#^^<a^-(122a) -tf^ *\o]S. 27flfil nfl 

^ ^(126) -#^©1 ^^-(128)^: «JJf ^^W. ^E^H, 3 ©151 27fl©] *fl^ 

^(126) 7fl^l7l^ ^3flBi(130)-i- ^^t!"^. ©H ^sfl€( 130)^8- 7H« 0 ^ a^.^ 

<a^-(122a) ^4 ^o]s_ 27flsq nfl^ ^-13] (126) ^©.S w>^* ©l^Jl, ^>^- 
m 128a) ©.5. n^-ir ©l^Rr f^Kapect ratio)7l- ^ i^*}-*]- ^aV 

<78> ZLHicf^-, 7fl« 0 >^ 27fl^ Dfl^ ^(126) ^ 27fl^l 

7fl3|]AlEKJE 13^ 138, i&^r JE 17^1 138 -§-^11(130) ifl*H ^^^cfl, ojofl^ £ 

9 tfl^l £ 13<>1] 5L*)Q ^ ^s}- 5. 14 ifl*l £ 17°fl w> 

^ ^ w o v ^°J ^^^-9.5. ^-§-«- ^ ^cf. 

<79> ^i^-e] ^ I&^r ^©l^Hr ^ *>M"^ *Pf^ ^7^ ^Hf^©. 

<80> 7H2l)AlEi# *§^*Hr « c V^ol ^ o. £ g ^ ^ 
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<81> 7fl2fl^Ei# ^Aj^ »^°] ^£r, £ 9<>fl £A]^ £o) ; ^ a> 

5^-(128a) #^4 -§-^€(130) vfl^ofl olelf-^ ^ ^4Hr #^-8: *r 

^^-d32)-a- i^w. 

<82> 12^4^-, £ 10^1 ti>sf ^-o], A>5l-^(i28a) ^«\) €^ ^-^r^ 

(132)^- <^^(CMP) ^ *]-g-*H -id^3 *H?RVtl. nsl^H, ^-^€(130) 

epf*}^" ^5V(132a)°l ^^h-Il tVcf. ojn)]^ ^-#^(132a)^r 3^51 

27fl^ nfl^ ^(126) ^ 5.^4 $1711 ^cj-. 

<83> °]°]*), 5L 1H tiV<4 ^oj, s}^-^^- ^^(1323)^ ^<y-«.= aiz}. ^ o.S 

^T^M, 2 7fl^ nfl^ SBfl( 126 ) Z]-Z]-ulf ^#*Rr 2 7fl^ ^^^"(132b)* ^ 

^r, 27fl^ nfl^ ^^(126) 2-^-4 ^#SH *Wr-^ ^^-(132a)* 4^ 

17H^ nfl^ ^^(126)4 *H*-#^-(132b) 27flS ^ ^*Hf SM^h 

<84> olnfl ^ Aj 5] i=. ^^l^-(132b)^r ^(126)3 ^4 ^^£-(132^) 

4, ^^^(132bi)^.5.^ <£^s)o] -g-z]-3il^(i30) ^-g- ol^- A>^^(i28a)^l 
^r^^^(132b 2 )^ 5^. ^, *H^^-(132b)^ ^<&^ 9]t}SL^ ^ 
'L'7> ^Efls ^^^cf. ^^^o.^ £ 121- %^*>^, *fl^ ^(126)4 ^#*> 

^^i^(132b)^ ^2fl^(130) ^HH xfl^-i- ol^ol a-Is. p>^iji 5a ^ ^^-i- 
<85> ncf-g-, £ 13<H] w>sf ^ol ; a}*^ 2 7fl^ 5>«-^^(i32b) ^ zJ-zW 

3fl E ^ ^.g. ^ 7 0 vo.^nV( 13 4 a)3 }. ^^^-(I36a)# ^^W. ^*H, 

#^iLS.^r ^Sfl€(130) vfl^] 2 7fl^ 7fl2flAlEi(138)7|- AjS. cfl^j* 

5. ^ ^tb^r. z>-B-^i^-(134a)^.S.^ PZT (Lead Zirconium Titrate), SBT (Strontium Barium 
Tantalum), SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium Tantalium 
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Titanate) f-4 #-fr#*ll» ^^r^, ^-^(1363)^ ^£ 
£r ^^Hf- #*3* #*r*H 

<86> ojrtflo} 7fl2)lAlEi(138) ^ ^4 zflE^ #^til(aspect ratio)7> ^ 

^Hl€(130) *4HH <>l-¥-<H*l4. rr)-^, ^ti] 7 > B ^5fl€ *fl°lM4 sflE^ ^g- 

<87> 7l]^AlEil- ^*fl « 0 V^O] *£-El £ 14 ifl^ 17* ^3r4. 

<88> 7 fl3flAlEil- ^SRr ^§£r, S. 14^1 SAjSl ^-o] , ^ A> 

Sr^-(128a) ##4 -§-zHlli(130) vfl^cfl ^4 ojEll-^ ^ *r 
^^(132)* 3^*4. 

<89> nelcf^-, £ 15^ T=X\s) v}9\- ^o} > A>2]-^-(i28a) *Fr^ 

(132)* <£p}(CMP) oj-g-^ ^nfl^oj?. *fl7i*Vtf. ZLE]*H, *^sfl^l(130) 

vfl^oll^ #^BV(132a)ol ^Jj^KEilj. flcf. ojuflo^ 3r>«-^^- ^s]-(132a)^ *H51 

27fl^ nfl^ ^(126) ^ S-^4 o^Tfl ^t}. 

oo> tM-AsL, £ 16°fl £Al^ ^ol, Z}^^ ^^-(132a)^l -g-^H(130) 

^^-(128a) ^<fl #-R-^l 1-^(134)4 ^^(136)* ^}S- ^tr4 

. #-fr^l*fl ^^(134)^: PZT (Lead Zirconium Titrate), SBT (Strontium Barium Tantalum), 
SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium Tantalium Titanate) : §- 
4 ^*>J1, ^-^^(136)^ °l^f-4 
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cf^-o.^., £ 1701] i£X|^ ^-o], ^^(136)^ yj- 0.^^-11 ^^nv( 13 4)4 

sHr^ ^#^"(134)* sfl^W-. ^&]*H, 27fl2l nfl^ €-^(126) AAA 3 

#*Rr ^ ^(132b)# ^o\S. 27^2. ^^*>^L, 27fl2] ^^^(mb)^ 

ofl ^>^o.S 3#£ #0-^(1343)4 ^^^-(136a)^-S 01=0^^=. 3^51 27fl<q 7^1 
Ei (138)1- £-2hfl€(130) iflofl #*H3-°-5.fe ^3fl^(i30) vflofl 2 

7fl^ «HJ^cl$ 7fl sin £1(138)7} dR 1 ^- °l-¥-^f- ^g-em ^^i^-(i32b)^ 

-8-^-^^(130) ifloflA-l t^-fr ol^ol n>^iLjL ol^dl, 0)2= E 12^11 £Al 

tl-€, 3flE^ ^.^ o. aspect ratio)7> ^ ^-^^(130) *1HH <>1^-<H 

# *H8« *r ^711 ^rf. 



<93> (^^H12) 

<94> T^O} ^AHl2ofl Ofs ti>^^d^ 7fl3l)AlE^l- ^ 7J- O-^^ll i^, £ 18 

ofl w}<2f ^o], B 31*1 ^(214)7} ti> £ ^i 71^(200)^1-, 7l^r(200)^Hl <8^€ 

^l}*l<£A(216b;°)?>\, ^lf^^^)*}-, 7}%(200)A #7\q°_3_ S-f-S}^ wlB5l- < ?l(220)2l-, 
*fl^ €-^(226; buried contact)^ %-l± : §. e $.^(222a;°]*\ H]2%1}^<£A)A , ^12 

#^r^^^-(222a)^Hl 9l$= ^s|-^-(228a)3)- ( ^^5. 27fl^ nfl^ €-^(226)^ ^ 
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JfSj- ^>3}-^-(228a)^.S.^-B^ 7 flwj-A} 7 lfe 2^ , *\o]5L 27fls] nfl 

^ €-^(226)^ ^ ^ ^4 2# ^3xfl^(230a) ifl«*H cfl^l^o.^. ^ 

51^ ^<H£ 27flSl <5H^^-(232b)2h ^<H£ 27fl^ ^^^-(232b) ^ £* r 5. 

*§^£)<H #-^^-(2343)2}- ^^i^(236a)^: 5L^H ^^4. 

<95> uvj^l 71^(200)^: ^>^Bl ^-(202)^1 ^*fl (active area)*] fl^s^ 

^^oH]^ H?£*liEi(214)7> 3l*]tri=r. B ^1^(214)^ tIMs ^<^^(204)2f tIMh. ^ 
(206)3f ^>=n|.^af(208)7V ^iS^ zz. <£^°11^r 711 °1S ^5)1 °H( 210)7}- ^ 

3=*, H^^liEi(214)^ 7l^h(200)^l tilt!- ^^^1 oj^^og^. ^ ^ 
^(212a)5q- ^ell^l(212b)^- iW<^ ^^t}. ^ , H ^1^(214)^ €^.^1 ^-5} -g- ig}-^ 

<96> «lHe1- < y(220)^ ^ll#^>^^sv(216b)* ^-f-^H ^H^B ^ (219; direct 

contact)^ -f-^fl 71^(200), ^313 i^.i(212a)^ ^7]^ JE^f-tr^f. tr^ , 

— ^(219)^ ii>i(212a)^Hl ^-^3|l = (215a)# -f-*ti ^^(212a)Sf ^71^^.5. 

<97> D fl^ €-^(226; buried contact)^- Sr-r-^^b)^ 7^(200), ^13°-^- 

(212b)^§- ^7|2jiS Si^-M 71^ ^l#^V^^Bi-(216b)^ ^]2#?i^^sl-(222a)-a: ^ 

*8^£|<H ^^f. *ti^ ^(226)£- J=3l<y(212b) ^Hl ^€ ^^fl = (215b)» ^f-sfl 
^1^(212^^ xj7l^£ S E^-l- ^ &t|-. zielJi, nfl^ ^(226) ^^^nv 
(222b) ^ *fl1j ^i»(226) 4f^°fl aItt ^I2^^«?i^-(222a) ^ ^o] v£cj.. 

<98> ^^^. (232b)iI j. *i-(234a)*r ^^^(236a)^r 3§^<H 7fl sfl a} b] (238)# 

°l«-tf. ^^i^(232b)4 ^^l^-(236a)^ <=>}^\^ ^ ^^rff- °l^f-<^ 
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9X^, 7 <Kr^(234a)£: PZT (Lead Zirconium Titrate), SBT (Strontium Barium Tantalum), 
SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium Tantalium Titanate) 

<99> «^7l^ ( <5pf*l^(232b)£r 2^r ^3fl^(230a) i-HH tlRl-g- °1^51^ *§^£)<>| 

544. ^-^(2320) ^Sfl^ £o] ofl^ ^^(226)^ ^ ^#s>^ 

^ll^3i^^«-(232bi)4, ^ll^^^^-^(232bi)^S.^-Ei °fl^ ^(226)^ ^4 ^ 

#*r£r ^^^^(232b 2 )4, ^^-g-(232b 2 )^S-¥-Bi <£#£M 2# -g-^^i(230a)^ ^ 
°fl ^I2^^^^(232b 3 )# 5W. ^, ^^^-(232b)-^ 3 

z^-o.^ ^o)^ ^^7> 2^o] oi^ 2# #^^-1: , 2# ^3fl^(230a) v)HH 

vW£-JL 9X$r o)^. iEth 2^ #^2} *>^-^i^-(232b)^ 2# 

-S-zHm(230a) *g^€ ^2^^£-(232b 2 ) °1*H ^(226)2] ^ <£^-°\}5L 

^l^^^^(232bi)^- IM£S ZLT£a. 1^^5)0] oiuf. 

<ioo> zl^JI, z^o] *B^^(232b) ^Hl^ ^^^(234a)^r ^-(236aH 

°) 9X°] 2^ #zH)li(230a) vflofl^ ajojs. 2 7^9] 7fl3fl^)^(238)7> ^3. tfl^ ol-f-S^- 
3<H 4^1, ^13-°^ 2^ ^4^1 (230a) v]Hl 27flS] ^H^^ 

7fl3flA]El(238)7}- ojs^s. fg^s]^ 5^. 

<101> o]S>). ^-O], ?D 3j] A] E-) ( 238 ) "C7 *H^^,§- ol=£ S 3gi^^ ^Bflofl t3l^r>c^ ^^^Tg^ol 
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<102> Hith nn*\t\ (238)1- °l^r ^^^-(232b)^- (234a) A ^^(236a)£: ^ 

27fl2] nfl^ ^(226)* ^Vs\-^(228a)o.S.^ ^ 2# ^sfl€ 

(230a) iJH *§>8sM ^cf. ^. ^Hfe ^s§*}7} ^HHH iflofl^o^ ^j*)- sflEi 



*flS« 0 v ^# £ 19 £ 32* ^*><*| ^^tbcf. 

<104> i£^oj ^Al^2ofl 4^ ^^i^ 7fl3ZflAlBll- £±r ^lS-e) xfl^wj- 

£ 19<^1 ti>2f ^-oi, ^ ^^^(Si)sf ^ ^iS te^l 7l# 

(200)* §wltV t}-g-, 1=31*1 ^^«^nv ( 202)-i- *8>8*H oj q (Act ive 

Region)* ^2]W. 

<i05> nejcf^-, 4i^Biq-(202)^ 3^ 71^(200)^ ^JELe}<y (Word 

Line)-2.3Ai B^H*]^ (214)# e ^1^(214)^ TlHH. ^<£^(204)3\- 7flo]H # 

^-(206)4 s:>=n>^H(208)^ TflolB ^1 <>H (210)2}- ±.$.^(212%) J= sfl °](212b)* 
^ ^1(214)^ >S-7l^r ^JBLdii °12H LDD (Lightly Doped Drain)M- 2^ Til 

°1S i^olA-lsl- ^ cfa ^^Jl^l- d ^ 9X^, BL^V s->^^>^3.( 208)1- 

*1 ^ ^ ^Hl^l H 31*1 ^(214)^ #ol*> ^ B31*l^ 

(214) A>olol 71^(200) #°fl ^ 3fl^(215a)(215b)» 3 %^ ^ 9X^. 

<ioe> o]o)x\ t H^^l^B-1 (214)71- 71^(200) ^Hl #^^^"(216; ^1*>, 

^l#^^^-)-i: ^tlrtl. ^ll#^^^-(216)^ ##3<?1 sJ-«M#^l"g(CVD) ^-§- <>l-g-S> 
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<107> tj-^.o.s, £ 20<^1 t>}<4 ^-ol ( ^^(212a) ^ 4-^(2 15a) 7}- ii# 

35L^- o]ti^ Alz}- ^]l#?i^ < a^-(216)^: ^ ^Tl^tf. <^ ^zj-^ *fll 

#^^«?l^-(216a)# W*Hr *)U^¥(218)fr ^^*>J1 ( *U€-^#(218)* ^S-^lS. nfl^*> 
^ cfolUjE €-^(219; direct contact)-^ ^?M=r. 

<ios> nsicf^-, £ 51^ sflE^ ^o.S nfol^jB ^(219)4 ^-fr^l "11 

515} cflolB] sl-oi S}^ w)B5l-<y (220)1- ^ll#7jr^<a^-(216a)^l $^#4. 

<i09> Tjl^sH , til HB^-ol (220)<>1 ^3<H SU^ ^ll#?i^ < ?l^-(216a)^Hl £ cfs. 

#^ca^(222;ol§V, af|2f^£^)-g: t§^^4. ^12#^^^(222)S1 zfll^?!^ 
*K216) WIS *^<?I ^7l^^(CVD) °]-8-*H ^>5l- 

<110> olol^, £ 21*11 £Al^ go], #^i3> ^sj. ^ o]^ -i] 2J-.fr ol-g-^ ^1 

«y(212b)^ 0 Hl ^sfll=(215b)7> i^#Sl£^ ^|2^?>^^^(222)3|- ^l^^^^"(216a) 

# *ft7]&tt. =L&3%, ZL «^7> aflT^ ^2f-^^^-(122a)4 *fll# 

^<£^(216b)^: #**rfe ^l2^m-(224)ol *§^t)-. 11^^, ^^?J\3.o)^ + 
^ ^4? ^ #iE^ ^12^^^(224)# H.SflSl(212b)^M ^afl 

^(215b)# ^-Sfl 7l^r(200), ^ajo.S. H. ell °1( 212b) *r #713 H-f^V^r nfl ^ fgj 
(226; buried contact)^- ^^^4. 
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<m> ZLtf-g-, J£ 22^1 ^o], ufl^ -g-i»(226H ^I2#^^^ev(222a) #«*fl 

#3-^(228)^- ^W-. °flW>l, ^-tf^Sl ^7l^^(CVD) f o}a>^^s4 £ 

<H2> nf-g-^-S, £ 23^1 a>sq- ^o] , ^2#^> ; i<=i^-(222a) ^ 3<H£. 27fl£l 

"fl^ ^(226) ^^(228)^- H-f 27flS] nfl 

^ ^^(226) tf^-t- 7fl«j-Al7l^ ^sfl€(230)# o]nfl ^-sfl H(230)£r 7fl«j-^ # 

^M<gsv ( 222a) ^4 27fl^ nfl^ #«j(226) ^li w>^^ o^ai, <^j=l 

*>5^(228a)°-5. ^*!# °1^-tt #^«l(apect ratio)7> -§-^2] ^<#<L3_ ^ 

<113> °1<>M, ^ 24<>fl w}-<4 ^-ol ( qo]s_ ^ €-^(226)^ ^ ^-f-7> 7^S\ 

^ 7fl«j-^ ^?i^<^5]-(222a) c| ^*H, 27fl^l nfl^ €-^(226) ^H^l 

^2#^r^«S^(222b)^ nfl^ ^(226) tW^H x\}2^tt*£<£^(222a) ^ £^ 

^.Cf ^-o>^7fl *VcK ZLel*M, A>2|-^-(228a) 7>H^ ^j)l^.( Wl )ol <g^- 7 > 7fl» 0 V^ nfl ^ 3^ 
(226) A}ojo] ^12^(W 2 ) Jitf y^- ^Bfll- 2 ^ ^sfl^(230a)^- ^OT". 

<114> ZLEitf-g-, 7fl H o V^ ^<^£ 27fl^ nfl^ ^ EM (226) Z^o^ ^ # <5>^ 3} IE 2 7flSl 7fl Bfi A] ^ 

(JE 28^ 238, Stt £ 32^ 238 #20# 2^ ^-zHHH(230a) i-Hl ^*Hr3l, °Hlxr S. 25 
ifl*l £ 28<H1 «><4 ^ ^«j*fl « 0 >^o] ^4 £ 29 v)H £ 32^1 3E.*1€ w>sq- 

^ «o^«y ^* ^i^^^-S. ^-g-^ ^ 514. 
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<116> 7fl3 flAlE^l- aJ^^fl #£"3 £ 25 28-i: ^-S^ ^ 

<117> 7 fl3flA]E|# ^*Rr *}£-E} ^£r, S. 25^1 ti>fif ^-o] ) ^ AV 

51-^- (228a) 2# ^3i(|^(230a) .°1 Tl^rff- f^*} 

^ ^^(232)# $^th 

<ii8> ZLBitf-i-, £ 26°fl w>^- ^o], A>5}-^-(228a) ^€ *H?-*i^ 

(232)-^ ^7]^}^ <2*KCMP) ^-§- °l-g-*H zie]SH ; 2 # 

(230a) tflTg C Hl'?> *H^^ ^r^(232a)°l #^KE^- *Vc}. o^o] s}-?-^ ^-#^-(232a)^r 
7fl y o V € 3<H£ 27^ n]]^ SBn(226)^l ^ ^ ^ 017]] sjcf. 

<ii9> o]^^, £ 27ofl 5*1^ u}-<4 ^-c»l ( ^-^^(232a)^ Aiz]- ^o.S. 

^T^o}, 3^5: 2 7fl^ si«(226) ^#*Kr 27fl^ ^^^-(232b)^r 

^r, 3<HH 27fl^ n]]^ ^BH(226) ^#5H 01^ ^n| (2 32a)-g- 44 

I7fl^£] Dfl^ €-^(226)4 ^#*Hr 27fl5l S}-^^-(232b)iL3. -g-E) *|^*Rr 3}°]^-. 

<120> ojtrfl ^^^-(232b)^8r 7^^. nfl ^ ^eH(226)^ ^^Rr 

£-(232bi)4, ^Il^2i^^(232bi)^-S.^-Ei <3#SM 7 n v € nfl^ ^i«(226)^ ^#*> 
^ ^^^^(232b 2 )^-, ^#^S-(232b 2 )°.iM L ^ 2^ -§-^€(230a) ^* °) 

^:S)-^-(228a)^ ^€ ^2^^i ^^(232b 3 )^-S °1^<H*I 01 cf. ^, *>-^-^^(232b)-& 
3°1tt ^^7> 2^ol 2 ^ 2^ ^-^-^HH(230a) 
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# ^-^^(230a) ^I2^2]^^(232b 2 ) ^^(226)^1 ^ 

£ ^ll^^^^(232bi)^: Ifsfn^ ^S^o] ^-rfl^cf. 

<121> Ht^g-, £ 28°1] ^-ol, a}*^ ^o]s. 2 7fl^ *>^-^^-(232b) #3 ^^H 

A^H ^€^(234a)4 ^f^(236a)-a: ^B^H, 

&*im<L3.±; 2# ^3iflii(230a) tflofl 27fl^ aB^D^ afl a] (238)7} a^ tfl^-g- 

°1^F-5L^- ^^*lcf. ^^i^-(234a)^-S^ PZT (Lead Zirconium Titrate), SBT (Strontium 
Barium Tantalum), SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium 
Tantalium Titanate) -f-^r ^ ^-fr^l-I- ^^rJl, A o^^l^(236a)^ °] 

<122> olnflo^ 7flsflAlEK238) ^ tr sfl^ #^til(aspect ratio)7> ^ 

2^ #^2)]^i(230a) ^|HH o]^-<>|^lcf. tc]-EH , ^w] 7 > ^. -g-zj-^B} i_)HH^ ^ 

<123> 7fl5 ()AlEi# ^SRr ti c^ °J ^£-3 £ 29 33» %l-2:*H ^^*Vcf. 

<124> 7fl3flAlEil- ^SRr ^*fl -^g-e} ^£r, £ 29<H1 5L*}& ti}-<4 ^-o] , ^ a> 

5}-^- (228a) 2# ^-sfl € (230a) i-fl^l ^ ^=4Mt- <g^} 

^ *Pr-^ ^^(232)* 
<125> neicf-l-, £ 30<^| £Al^ w>2f ^ol ( -y-5|.^ ( 228a) ^ ^-4=-^ 
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(230a) ^^J" *HM^ #^^-(232a)ol *Vcf. ojnfls} v}™-^ ^^-(232a)£r 

*H-£ 271)2} nflU €-^(226) %^S)o] ^rf. 

<126> 5L 31<^1 5LA|£ w}<^ ^-ol, S}Jf ^-^(2323) °1 2^ ^HUS 

(230a) W^"(228a) ^r^} #^^(234)3f ^^(236)^8: 

7 <Kr^l #^^-(134)^- PZT (Lead Zirconium Titrate), SBT (Strontium Barium 
Tantalum), SBTN (Strontium Barium Tantalum Nitride), SBTT (Strontium Barium Tantalium 
Titanate) ^4 ^ 7 <Mr^*m ^^*>31, ^^-(236)^ 

^-3fl€(230a)<>lH °l=c^l:e_5L ^^7}- €- ^-IHH^ ^iH=Hr -§-ol 

<127> 4^5., £ 32*11 tf-^Si^ ^#^(236)4 1-^^(234)4 

*Pf^ ^^"(234)^- 5flEl^^r4. Zl^sH, 7fl*M ffl^ 3.^(226)^1 ^ij- 

^^i^-(232b)^- 3^-eJ*H 3<H5i 271] ^^*>JL, 2 7fl^ ^^i^-(232b) #°fl 

^^nv ( 23 4a )j!l- ^-¥-^(2363)^.5. ol^o^i. ^o]s_ 2 7fl^ 7flsflX|E-l 
(238)1- 2# ^sfl^(230a) iJW *§^th}. n£*h 2# ^2fl^l(230a) ifl<*fl 

27flS] 7flsllAlBl(238)7> *]S- rfl^l* ol ^^cf. ^B^^r 

(232b)£r 2^ ^3rflBi(230a) ifl°lH cfl^ ^ s ^^.Jl 5£^r oj^-cf. 

<128> ^ > olnfl^ sflE^ ^.^o. ^^wl ( aS pect ratio)7> ^ 2# £-Zf3fl^(230a) x-lHH 

^ XI 711 ^4. 
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o}^6\)*\ ^tgtb w>^- ^-o], wv^ofl ttj-e.^, 7fl3flAlEi» 3*RI3 ^*><*| ^ 
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1] 

*H5L 27fl<2] nfl^ SIM AV^ o. 7fl «VAl ^Hfl^ ^is>fe ^1; 

#7] tfl^ofl ^-7) 7fl« 6 V^ 2]o] £ 27fl5] D fl| 5@j ^ zj-zj-sj. ^ ^£}i=. ^o] 

£L 27fl3 SH^^-fr ^SRr ^1; * 

» S^sRr ^-i- ^JlS <5fe tH^C^ «AlEi-I- nflS.^ i^S] ^yj- 

«. 

2] 

^71 ^71^3 *J^M" ^"71 27fl3 Dfl^ ^-EM Aj-Tgol ^#£]SL^ ^7l 

^3"# *H?l*Rr ?A^r ^8.2.3. *}±r *Kil^3^ ?1|3lM3« cfl^el i7} 

3 *fl2:«<Hl. 

3] 

^ll^Hl 91°]*], 

^-71 SH^^M" *g^*H=r #7j]^, 

#71 av^j.dv ^4 ^-71 -§-3-^ l^ch] sp^^. ^3^ ^*Hr ^741; 
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#7l -g-Z}-^ tfl^ofli^V ^^o) ^.=.5)5.^ # 7 j #3^ #^6|1 

*ll7l*Rr #711; £ 

#7l ^<H£ 27fl3] nfl^ ^BH z}-zH ^#*>JE4=- #71 ^3fl^ tfl^ofl ^^q- 

-R-^i^l tjfls-sl ^7>5l ^ls«J-^. 
[^^J- 4] 

*flrM 5fl<>H, 

«}JE*11 71^ *fl^5Rr #7fl; 

#71 7l^;#o11 H^^l^Eil- ^^*>^ ^Tjl; 

#71 E^£xl^Ei7l- 7lW ^l#?i^^^ ^*Kr ^1; 

#71 ^ll#^^^^ #^1 7)^ #7}^0_3_ £.-§-*Hr ^ 

^ #7fl ; 

#71 *\}l%-?}^<£^°\} #71 cf°l^S ^4 ^7l^o.s -£-f-^ wlBHl-^* 
#71 m^d^n ^##°11 ^f^M^ ^*Rr ^711; ^ 

31 ^S. el 4i7}2l ^fc^. 
5] 
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^■71 ^#^4 7j-0.^^ 1-^4 3))Ei^5H ^-71 

27flS] nfl^ Zj-Z^ofl ^#§>^ ^^^-4 ^-H-^^nj. #J^=.£ ^-Tll* 

^HJilS. *Rr SH^C^ ^sflAlE^l- 7J- -fj-^SD afl^^. 

[^T 1 * 6] 

7] 
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^7} -g-^sim ^-^evo] ^-71 ^o\) #4^* ^1^ 

[$^* 8] 

^71 ^l^Ti^^^-g- ^f-*H ^"71 71^-Sj- ^7l^ O.^ ^l^H ^ 

#71 ^l]l#7j-^^^- ^tfofl ^ll2#?i^^^ ^*Hfr #31; ^ 

^71 ^2#^<a^4 ^ll^^^^-o. ^^crj ^-7] 7}#3\- #7)*\SL3. S.-f-SKr *fl ^ 

*fl ^ISE] ±.7} 9] ^S«o V ^. 
[^^"t 9] 

ofl^ ^oj f^^i^HHl ^^Hr #31; 

27fl^ nfl^ ^ o^a.^. ^-^-g- 7 flHM ?|±=. 2# ^H)^ ^*Rr # 

31; 
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#7] 2# ^°ll <#7] 7fl« 0 >^ 27fl nfl^ Sfflo} ^ ^ zj-zj.^ 

3#*Kr 3<H5= 27fl^ SHf^-fr ^*Kr ^7j); g 

^-71 2 7l| SI *Hf^ ^ #^^4 ^*Rr ^741 

# S#*Hr ^-^^-S. *V^- ^^Dl^ 7fl2flAlE^ 7J-B-^^1 PUS. Si ^>Ol 

10] 

^-71 2# ^3xfl^# ^^3^ ^1^, 

#7l 27flSl nfl^ ^HM ^-71 ^?_>^^a}- jfltij-s} J£ Jl ^7] 

^71 Pfl^ ^ ^ H^?} 711^51^ #7} 7fl« 0 >^ ##*|<3^- °d^-# ^WRr 

HI 

^"71 #^4 ^71 2# £-zHI€ tfligofl ^S^-fr ^*Kr ^711; 

# 7 ] 2 # ^sfl^l tfl^oilnv *HF-£^ ^SliE^ ^7l ^ofl 

*H?-€^ *f|7lsRr ^711; £ 
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#7l 27fl^ nfl^ SbM ^ QJJ=L 3 ^ z^ofl ^V 7 ) 2# 

^Hf-€ -g-^-i- ^-eH^ 3:7111- D] o.jg. *}xr 3^31 

3$ 71^1^-1- #3-^*11 *ll2.el ^7}°} ^is^. 
12] 

#7l 7l^ofl *^Kr 3t11; 

^-71 H^l^E^ *§#^ 7l^ 0 V^ tHI^TV^^ ^*Rr 3711; 

*m 3711; 

#71 ^ll#7i^«a^#<H] #7l tH^B ^4 ^7l^o.s. 5L*sRr *lB2}-<>]^- ^#*> 
^ 3711; 

#7l ^ll#7i^9!^- ^^#^1 ^2#?i^^^-# ^f#*Hr 3:711; 3? 

#71 ^l2#?>^^^-4 ^1#7>^^^ ^r-f *H #71 71*4 ^71^0.5. nflfj 
Sin o. cf7, 1# ^ S.^}^ ^$<L5L zfc= 7fl3}HEi# 

13] 

^flU #7i^^^ofl a>^# ^#sKf 37fl; 

27fl£] nfl^ fBtjo] c£*g± ^ o_ ^^^^ 2 3 ^Hm* ^#*Kr 3 

711; 
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^7) 2# ^°\) ^7} 7fl«J-^ ^o]5i 2 7]\9] nfl^ ^Bfl ^ ^ ^ 

#*Rr *F^d^ ^*M" *§^*Rr #31; 

A oM ^3^4 #^€31 *Hf^ zflBi^H A oM ^o]r E 

2?^ nfl^ .aBfl z^-z^-ofl ^#*Kr *H?-^4 #-R-#^4 tf^^M- *g^*Hr 3* 

14] 

^113%H1 5fl°H, 

^7) 2# ^^HH-a- ^*Kr #711^, 

^T^fe #7fl; ^ 

15] 

^13%1-ofl 

^-71 ^^nSr ^*Hr #7^, 

^-7] ^4 ^-71 2# -§-^3Xfl^l ifl^ofl ^*Rr ^Tfl; ^ 
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#7] 2# ^nmd #^r*M #71 ^ofl ^^-S- 

16] 

#7l B^H^|^Ei7> 7l^H] ^l#^«a^ ^*Hr #7fl; 

#71 ^li#^^^ *\]2^#Q<&^ ^*Rr #31; ^ 

17] 

#7l #?>^^^-#oil *8^sq°l 9X^ #21-^-; 

*HSL 2 7fl^ nfl^ ^ °- ^-71 ^^S^ 7fl« 0 >Al7l^ ^2fl€; 
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<H fclfe 27fl^ *Hf*l^; ^ 

18] 

^"71 nfl^ ^BH ^#^--4, 

S^Hr 3* <5>^r tiV^^C^ 7flsflAlE^l- £±f 7J- 0.^^)1 DflSe) 

[^T 1 * 19] 

20] 

^7l f^^^Hl 3^ #3-^; 
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#7l 7fl^ q°]5L 27flS] ufl^ ^ g #£ zfaq-sj. #71 2# #4 

#71 2711^1 *>^^^ #i£ z}-zHl ^^VS <§^=M oi^ 7j-o-^q-2l- #^#^8: 

21] 

*ll20*<Ml flo^, 

# 7 1 ^«^^.o r> 

#71 nfl^ ^Bflo^ ^ o^a^ ^*Rr ^111^^^, 

^"71 ^ll^^^^O.S.^-E-1 «^#^C>1 #71 nfl^ 3^ #^JI}- ^#§>^ ^^S^ 

#?1 ^^^q-^-A^^-Ei ^#S]^ #71 2# -g^H^l ^ofl ^#5]0l ^ ^2^2} 
^d^^# £t5fe ^ aV^^E-1^ 7flsflAlE-ll- ^ DflSE] i*h 

[3^3" 22] 

*1]20%M1 

H^fl^l^7> uV£*ll 7l^r4, ^71 71^4 ^7l^o.S. JE**}^ «lHeKl-g- cl 
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